The integrated and coordinated development of Beijing-Tianjin-Hebei region has been put forward as a national strategy. Yet the present regional economy is facing not only the imbalance between the three provincial administrative districts but also severe water scarcity. The purpose of this study is to investigate the regional economic structure with focus on the impacts of water resources on the regional economic development. This study compiles a social accounting matrix (SAM) for the Beijing-Tianjin-Hebei region incorporating water both as a prime factor of production and a production sector. The regional SAM (SAMBTHW) is further applied to the multiplier model to analyze the effects of the regional water sector on the other accounts. The results show that 1) the regional water sector has limited effects on the regional economic output and on the other sectors, and 2) the region has a relatively reasonable economic structure regarding water use, but 3) this economic structure shows labor-and capital-intensive features rather than technological intensity. The policy implication of our findings is that the integration efforts in the Beijing-Tianjin-Hebei region, which aimed at alleviating the stress from water scarcity and increasing regional sustainability, should concentrate on upgrading industrial structure with technological advancement.
Introduction
A sustainable region manifests not only economic growth but also reasonable use of natural resources. However, at regional level, unsustainability may associated with urbanization in many cases [1] .Some regions of China have been experiencing rapid economic development due to extensive modernization and urbanization. Regional economic development is manifested through not only the overall growth, but also the optimization of the industrial structure [2] . The industrial structure is a key factor of a healthy regional economy. In principle, to evaluate regional industrial structure we should, first focus on whether the existing industrial structure aligns with the resource structure and can turn resources to economic advantage [3] . However, some regions are facing serious challenges such natural resources restricting their social economic development, which in turn requires more resources.
Water resources are one of the fundamental natural resources and strategic economic resources, which have an important supporting function in regional sustainable development and industrial structure optimization. Regional forecasts suggest that levels of water use in developing regions will continue to increase for many years to come, and existing evidence has also suggested that water use benefits from economic compositional change as a region's economy develops [4] .
Beijing, Tianjin and Hebei are three provincial-level administrative areas of China, which are also geographically and socio-economically connected. The integration and coordinated development of Beijing-Tianjin-Hebei region has being officially proposed by the central government as a national strategy. Beijing-Tianjin-Hebei region is located in Haihe Basin where it suffers from severe water shortage. It is important to view the region as a whole and investigate the holistic regional economy under water scarcity.
The region is one of the largest and most developed areas in northern China. It produces 10.2% of the total national gross domestic product (GDP) with a most rapid rate of economic growth (12.6% from 2010 to 2014), and contains 8.1% of the national population on a land mass of less than 2.3% of China and only 0.8% of the national water resources. It is one of the regions in the world that human activities have disturbed natural water circulation with the most intensity [5] .
The mismatched water resource and socio-economic distribution has cost the region ecologically, environmentally and economically and has hindered regional sustainability. Like any other regions in the world that face water scarcity [6] [7] [8] [9] [10] , the challenge of economic development and water shortage in Beijing, Tianjin and Hebei has received on-going concern [11] [12] [13] [14] [15] [16] [17] [18] [19] .
Previous studies have proven that the major factor working toward reduced industrial water use is related to the changes in production technology and the input-output ratio, not to the changes in actual water usage practices [20] . Readjustment of industrial structure is one of the measures that could realize water saving potential that can address the challenges caused by water shortage and to enhance the sustainable carrying capacity [18] . Industrial structure upgrade is the essential driving force to the decline of industrial water use [21] , the industrial structure should be updated based on the effective water utilization [22] . The contribution rate of industrial structure adjustment to water saving in Beijing was 29% during the 1990 to 1994 period and increased to nearly 50% during the 1998 to 2000 period [23] . Other studies have shown that water usage structure is one of the two ways that water resources impact regional economic development in this region [24] . The impact of water production and supply sectors on the national economy gradually increases [25] .The driving effect of the water sector of Beijing would decline, but invested money would circulate more in the economic system. The driving effect of the water sectors of Tianjin and Hebei would increase, and the direct linkages between production sectors would be enhanced.
The purpose of this paper is to explore empirically the regional water use through production activities and its effects on the economic system, with a focus on the current industrial structure. Figure 1 shows the logical framework and the scope of this study. To this end, a regional social accounting matrix incorporated with water is compiled for Beijing-Tianjin-Hebei region and multiplier analysis is applied. 
Data and Methods
The multiplier analysis based on a social accounting matrix (SAM) is used for this study.
A compiled SAM for Beijing-Tianjin-Hebei region
SAM represents transactions in a socio-economic system represented in monetary units and is a useful analytical framework for economic modelling. SAM also has had a significant impact on development policy analysis more generally [26] . It provides a direct input into a range of fixed-price multiplier models and could be used as an integral part of the benchmark data set that supports computable general equilibrium (CGE) models. Ever since the first time it was developed during the building of the Cambridge Growth Project under the leadership of Richard Stone, SAM has been widely used in many different areas. It has been developed and used in the examination of the structures of regions and national economies [27] and utilized in analysis of water resources and the regional economy [28] [29] .
A new SAM has been compiled for Beijing-Tianjin-Hebei region in this study and is referred to as SAM-BTHW.
Data set for SAM-BTHW
The primary data to form SAM is the Input-Output (I-O) [44] , and Hebei Water Resources Bulletin [45] . In addition, the above data was supplemented with those of water price, water supply and water management, which we collected from many cities in this region through field surveys.
Method to complile SAM-BTHW
There are two commonly used methods to construct SAM, the top-down method and the bottom-up method. The top-down method is suitable for those regions and countries that have good base of data resources, while the bottom-up method could be used for regions and countries that lack comprehensive macro data. Most of the existing SAMs in China are compiled in two steps through top-down, firstly to establish a macro-SAM and then on the basis of it, to disaggregate the accounts to make a more detailed SAM [46] . Different from this trend, we employed the bottom-up method which emphasizes the accuracy of the data.
The regional economy is divided into 30 production sectors mainly based on the 30 sectors of China 2010 Regional Input-Out Table, but the water sector is extracted from the Production and Distribution of Electricity, Heating, Gas and Water sector, to form a new and independent Production and Distribution of Water sector. As there are no statistical data on regional scale available for the Beijing-Tianjin-Hebei region, separate accounts of Beijing, Tianjin and Hebei are combined together to form the corresponding regional accounts in SAM-BTHW.
Water is incorporated in SAM-BTHW as a primary factor of production and as the regional water supply sector. Due to the high demand for water in the Beijing-Tianjin-Hebei region, there is water input from the rest of the country, but the water sector in the region is assumed to be the only sector that supplies water. This is because the amount of water resources from other provinces such as the water transferred through the South-to-North Water Diversion Project, is fixed and included in the water provided by the regional water sector. This study also assumes that water tax goes to the regional government account, water sector gets the payment from production sectors, firms and households for providing them with water.
It is assumed that each production sector produces one kind of commodity, thus there are 30 commodities. Three prime factors of production are used here, which are capital, labor and water. Institutional accounts include Households, Firms, and Government that hypothetically stands for the account of the public sector of Beijing, Tianjin and Hebei. There are also foreign accounts to the region, which are Rest of Country and Rest of World. In total, SAM-BTHW has 69 accounts. Table 1 shows the main accounts of SAM-BTHW. The cross-entropy (CE) method is then used to balance SAM-BTHW. The balancing process is implemented with the General Algebraic Modeling System (GAMS) software. 1 Number of the production activity.
Methodology for the analysis of the SAM-BTHW: a multiplier model
The effects of exogenous injections on a whole economic system could be examined by multiplier analysis under some certain assumptions that include (i) there is excess capacity which allows prices to remain constant; (ii) the expenditure propensities of the endogenous accounts remain constant; (iii) the production technology and resource endowments during the selected period is considered fixed [47] .
Based on the balanced SAM-BTHW, a multiplier model is used under the assumption of excess capacity and fixed prices, to investigate the effects of exogenous injections on the whole regional economic system. SAM-BTHW are further partitioned into endogenous accounts and exogenous accounts for multiplier analysis [48] . The endogenous accounts consists of Factors, Households, Firms and Production activities. And the exogenous accounts consists of Government, Capital Account, Rest of Country and Rest of World.
The average expenditure propensities ( ) is calculated and so is the accounting multiplier matrix ( ) by is the net contribution of circular closed-loop effects(C). Defourny and Thorbecke (1984) [49] described in detail the calculation steps, so did some studies that had applied the method [50] . Thus, we will not repeat the procedure here.
Results
SAM multiplier explains the information of industrial structure. And further decomposition of the multipliers investigates in detail what effects the endogenous accounts have when exogenous injection is given on them. Table 2 shows the net effects of the accounting multiplier and its decomposition of the sector of Production and Distribution of Water. The net effects of SAM multiplier of the water sector is 1.1211, which is the smallest among all the 30 sectors (see Table A1 .). The net contribution of the transfer multiplier effects (T) of the sector is only 0.9320, also the smallest of the 30 sectors. The net contribution of circular closed-loop effects (C) of water sector is 0.0765, slightly higher than that of the sector of Production and Distribution of Electricity, Heating Power and Gas, and the sector of Mining and Processing of Metal Ores, which are 0.0548 and 0.0271, respectively. 
Production and Distribution of Water

Net effects of the water sector
. Effects of exogenous injection to water sector
Another purpose of the multiplier decomposition approach based on SAM is the analysis on the direct effects of one account on another.
When exogenous injection is put on the sector of Production and Distribution of Water, the end accounts that get the greatest effects are the sectors of Other Manufacturing, Construction, Manufacture of Paper and Paper Products, and Manufacture of Textile. The net contribution of the transfer multiplier effects (T) of these four sectors are 0.0451, 0.0101, 0.0069 and 0.0064, respectively. (see Table 3 .) Table 3 . Most effected sectors and the net transfer effects when exogenous injection is put to the water sector.
Most effected sectors Net contribution of the transfer multiplier effects (T)
Other Manufacturing 0.0451 Construction 0.0101 Manufacture of Paper and Paper Products 0.0069 Manufacture of Textile 0.0064
Effects of exogenous injection to production sectors on the factors
Three factors are used in the regional economic production and calculated in the multiplier analysis. No distinct open-loop effects on water resource. Table 4 shows the results of the net contribution of open-loop multiplier effects (O) on labor and capital. No distinct closed-loop effects on water resource, either.
Sectors with high net effects, high net transfer effects, high net open-loop effects and high net closed-loop effects
As shown in Table 6 High net contribution of circular closed-loop effects indicates that the development of those sectors would drive the overall regional economy.
When receiving exogenous injection, total net effect of the sector of Renting, Leasing and Business Services is the greatest among the 30 sectors, and it has higher net contribution of the transfer multiplier effects (T) and high net contribution of circular closed-loop effects (C), which confirms that on one hand the sector has strong economic relationship with other sectors, and on the other hand, it offers large amount of employment opportunities and drives the overall regional economy. 
Discussion
The results indicate some significant characteristics of industrial structure of the Beijing-TianjinHebei region. In terms of the production activity accounts, Other Services, Renting and Leasing Activities and Business, Accommodation and Restaurants, and Manufacture and Pressing of Metals have played an important part in the overall regional economy.
Effects of the water sector
The output multiplier of a sector reflects the driving effects on the total output, on factors and the other sectors in the economic system, when the exogenous demand of the sector increases by one unit. The net effects of SAM multiplier and the net contribution of the transfer multiplier effects (T) of the water sector are both small, which indicates that the sector has limited impact within the production activity accounts and would have little effect on the other sectors.
When the water sector is faced by exogenous injection, four sectors would be impacted, i.e. the sectors of Other Manufacturing, Construction, Manufacture of Paper and Paper Products, and Manufacture of Textile. All the sectors are high water-consuming. In 2011, the total gross output value of Other Manufacturing in the Beijing-Tianjin-Hebei region was more than 38.1 billion yuan, 0.64% of the total regional GDP. The total gross output value of Construction was 42.8 billion yuan, 7.23% of the total regional GDP. And the total gross output value of Manufacture of Paper and Paper Products, and Manufacture of Textile was approximately 93.9 billion yuan and 112.6 billion yuan, accounting for 1.58% and 1.90% the total regional GDP, respectively.
The production and supply of water is now operated by tap water companies under the ownership of local governments. Water price is not determined by the market. Instead, it is under the guidance of local government. Therefore, water is more like a public commodity. As long as there is governmental control over price ceiling and consumption quota, the other production sectors will not get as much water as they demand, and the water sector will not get great influence from exogenous injections.
Circulation in the use of water and water-saving technologies have decreased the dependence upon water supply. Thus, the effects of increasing water price would cause less influence.
The regional factors of production
The more a factor is needed in the production activity, the higher the proportion of the openloop effect will be.
The amount of water supplied in Beijing-Tianjin-Hebei Region annually is relatively fixed. The water sector is a closed system which gets water supply from underground water, surface water, reclaimed water and water transferred by the South-to-North Water Diversion Project. The latter source accounts for only a small proportion. Because of the water consumption quota and the adjustment of industrial structure during the recent years, firms in the region have updated their water utility technology and the recycling rate of water used in industries has increased.
In contrast to water, labor and capital are sufficiently supplied in this region. Sectors that need more labor are Other Services, Renting, Leasing and Business Services, Accommodation and Restaurants, and Manufacture and Pressing of Metals. The number of people employed in the four sectors in the Beijing-Tianjin-Hebei region was 5414031, 896726, 373173 and 312863 in 2010, accounting for 39.46%, 6.54%, 2.72% and 2.28% of the total regional number of people employed. The proportion of Other Services was prominently high because the account combines several accounts of the statistical yearbook as a matter of convenience for this study. These four sectors are also those that drive the income of labor.
Sectors that need more capital are Mining and Processing of Metal Ores, Production and Distribution of Electricity, Heating Power and Gas, Production and Distribution of Water, and Mining and Processing of Non-metal Ores and Other Ores. There are relatively fewer mining activities in Beijing. In contrast, mining activities make up a large proportion in Hebei. In 2010, the total investment in mining in Hebei Province was over 43.9 billion yuan, increased by 22.81% compared with in 2009, accounting for 2.92% of the total investment of the province.
The above four sectors also drive the increase of the capital income. They are all sectors that require large infrastructure and operation investment. High capital income rate would help the production activities attract more investment, thus the relative industries will get faster development. As for the gap between Hebei and Beijing-Tianjin, more capital injected into the industries will help accelerate the pace of industrial transition and upgrade.
Most influentical production sectors in the region
Through closed-loop effects, Other Services, Renting, Leasing and Business Services, Accommodation and Restaurants, Manufacture and Pressing of Metals have powerful driving effect on the regional economy. In terms of the service industries, Beijing is showcasing a prominent advantage. Information Transmission, Computer Services and Software, and Financial Intermediation, that are included in the account of Other Services, accounted for 11.9% and 18.6% respectively of the service industries. Such high-end services, including Renting, Leasing and Business Services, make up more than 50% of the services industries. The major services in Tianjin are Storage and Post, Wholesale and Retail Trade, and Financial Intermediation, while in Hebei they are Transportation, Storage and Post, Wholesale and Retail Trade, and Management of Water Conservancy, Environment and Public Facilities. From the perspective of regional economic development, these sectors with high closed-loop effects should be encouraged and promoted, which would facilitate the overall economic growth.
The result of transfer multiplier effects based on SAM indicates a more situation of the intraregion industry structure. Renting, Leasing and Business Services, Manufacture and Pressing of Metals, Accommodation and Restaurants, and Manufacture of Transportation Equipment, with high net contribution of transfer multiplier effects, have strong connections with other sectors. The closer different areas in a region economically connect, the more effects will the industrial structure generate. The intra-regional economic relationship, such as intra-regional investment from Beijing to Tianjin or Hebei, or from Hebei to Tianjin, could focus on the above industries. Beijing, Tianjin and Hebei should take full use of their respective advantage and form a more reasonable intra-regional division of industrial economic development.
The results indicate that services industries are playing and important role in the whole region. Other Services, Renting, Leasing and Business Services, and Accommodation and Restaurants have not only high net contribution, but also high net contribution of the transfer multiplier effects (T) and high net contribution of circular closed-loop effects (C). In a way, the results also indicate that the overall regional industrial structure is relatively reasonable.
Conclusions
As the results of the multiplier analysis suggests, water sector has limited effects on the regional economic output and on the other sectors.
The industries that drive the regional economy, include mainly the labor-intensive and capitalintensive sectors, and they are also closely related to the other sectors. The technology-intensive sectors don't have the same influence. To further alleviate the stress of water scarcity in this region, industrial structure adjustment that combines water resources sustainability and technology innovation would be the key of the future policy.
Due to the assumptions, there are inevitably some limitations of the study. On one hand, the linear structure and average expenditure propensities would make it inevitable to avoid the differential between the analysis results and the economic reality. On the other hand, due to the inaccessibility to some of the data, the missing data are estimated which would also cause deviation.
Further studies will focus on the policy simulation, including the integrated water management oriented towards sustainable water use and the structure optimization measures, by computable general equilibrium (CGE) analysis based on the SAM-BTHW constructed in this study as database.
Author Contributions: Jinghua Sha and Xiaoxia Lin conceived the study and worked during the whole process; Xiaoxia Lin collected data, compiled the social accounting matrix and prepared the manuscript; Jingjing Yan and Shuai Zhong contributed to the model analysis and the results discussion.
Conflicts of Interest:
The authors declare no conflict of interest.
Appendix A Table A1 . SAM multiplier and the decomposed effects of all the production accounts of SAMBTHW. 
